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ŗcosmic birefringenceŘ = rotation of polarization plane of  
photons traveling cosmological distances.  
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Dark Energy model: quintessence f  
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Scalar field with slow roll: 
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E mode: 
(grad) 

B mode: 
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Start with pure E-mode... rotation generates B-modes. 

Can reconstruct a from EB, TB, EE,TE. 
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Start with pure E-mode... rotation generates B-modes. 

Can reconstruct a from EB, TB, EE,TE. 
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With CB rotation: 



 

-Uniform rotation constraints from WMAP, Bicep, QUaD: 

1.4 0.9 (95% )CLa- < <

-rms fluctuation from AGN <     ( Kamionkowski, 2009) 4
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-Uniform rotation constraints from WMAP, Bicep, QUaD: 

1.4 0.9 (95% )CLa- < <

-rms fluctuation from AGN <     ( Kamionkowski, 2009) 4

Previous work: 

This work: Direction-dependent  rotation:  
  

 

 

V Why not? 

V Increase sensitivity 

V Consider models with no uniform rotation.  

V Discern different models. 

 + Full sky to maximize sensitivity. 
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Optimal quadratic estimator and its variance: 
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Noise bias  

De-biasing procedure: 

ĔĔ ĔĔ ĔĔ ĔĔ, , , ,Ĕ iso MC iso MC

L L L L LC C C C Caa aa aa aa aa= - - -

from data 
 
 

[isotropic bias]  
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[small MC correction] 

from simulations  

De-biasing procedure: 

from data 
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WMAP-7 Data: 
VForeground-reduced V, W, and Q frequency-band maps of  
   T and P (highest resolution) 
VAnalysis Masks (sky cuts with combined fsky = 0.68) 

Image credit: Healpix, K. Gorski et al. 



Simulations: 
 
VCMB realizations with WMAP-7 best-fit power 
spectra 

 
VInhomogeneous noise with Q-U correlations + 
symmetric beams 

 
VAnalysis masks  

 



 

Test run: 

VG et al, 2012a 
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Constraints on a scale-invariant power spectrum: 
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VG et al, 2012a 

2 / (4 ) 1Caa p <

Minimum-variance 
estimator for the 
amplitude A: 



Instrument  
Uniform 
rotation  

WMAP 2Ñ  (TB) 

Planck пΩ  ό9.ύ 

CMBPol-
like 

сέ  ό9.ύ 
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 Cosmic scalar field with shift symmetryĄ  cosmological 

birefringence. 

Developed full-sky QE formalism to look for direction -

dependent rotation by measuring off -diagonal TB correlations. 

Used WMAP-7 to constrain CL
aa  for L<512. 

--------------------------------------------------------  

Planck: an OoM improvement. 

Ground-based surveys?  

Other p-violations beyond the SM? 

 



CB rotation (solid) 

Chiral GW (dashed) 

l

 

VG et al, 2010 





 

Zahn et al. 2012 

Theory: 
 

Inhomogeneous process: growing ionized bubbles. 

---------------------------------  

Observations: 
 
ÅCompleted by z~6-7 
 
ÅOptical depth to the LSS, t~0.074 (WMAP-7)  Ą z~10 
 
ÅDz > 0.06 (EDGES, new result) 
 
ÅDz < 7.9 (SPT, for specific models) 

 
 

neutral 
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Dvorkin et al, 2009; Hanson and Lewis, 2009 
 

Induces off-diagonal correlations. 
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VG et al, 2012b 


